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load/low-speed region, and to prevent reduction in the filling 
amount in a driving region in a high-speed side, and excess increase 
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(57) Abstract 



[Objective] 



lb improve increasing torque while controlling knockdown through the rapid 
closure of the intake valve in the high-load low speed domain and to prevent a drop 
of the fining amount and an excessive rise in the supercharge pressure on the 
high-speed side driving domain in an engine provided with a supercharger. 



[Constitution] 



A timing variable mechanism 25 to enable changing the closing time of poppet 
valve type intake valves 22, 23 between a pre-determined rapid closing time before 
bottom dead center and slower time. Moreover, timing variable mechanism 25 is 
controlled so that the timing of the intake valve closure is the rapid closure time in 
the low speed side driving domain, while the timing of intake valve closure is 
slower in the high speed side driving domain in the high-load domain. 

[Scope of Claims] 

[Claim 1] 

An engine provided with a supercharger, of a type of an engine comprising a poppet 
type intake valve, a closing time variation means enabling the closing time of the 
intake valve and supercharger for supercharging intake air to be set to change the 
closing time of intake valve between a pre-determined rapid closing time before 
bottom dead center and a slower time than the pre-determined time, comprising a 
control means for controlling the closing time variation means, wherein the control 
means controls the closing time variation to set the intake valve closing time to be 
the rapid closing time in the low-speed side driving domain and sets the intake 
valve closing time to be slower than the low-speed side closing time in the 
high-speed driving domain at least during the high-load domain. 

[Claim 2] 

The engine provided with the supercharger of Claim 1 wherein the geometric 
compression rate of the engine is no less than 8.5. 

[Claim 3] 

The engine provided with the supercharger of Claim 1 or 2 further comprising a 
swirl generation means for generating swirl inside the combustion chamber in the 
low-speed domain during at least the high-load domain. 



[Claim 4] 



The engine provided with the supercharger of Claim 3 wherein the swirl generation 
means comprises a first intake port and a second intake port for swirl generation, 
and an intake flow control means for shielding the intake flow of the second intake 
port in the low-speed domain at least during the high-load domain. 

[Claim5] 

An engine provided with a supercharger, of a type of an engine comprising, a 
closing time variation means enabling a closing time of the intake valve and 
supercharger for supercharging intake air, set in such a manner that it may change 
closing time of intake valve between pre*determined rapid closing time before 
bottom dead center and a slower time than a pre-determined time, comprising a 
control means for controlling the closing time variation means, wherein the control 
means controls the closing time variation means to set the intake valve closing time 
to be the rapid closing time in the low-speed side driving domain and sets the 
intake valve closing time to be slower than the low-speed side closing time in the 
high-speed driving domain at least during the high-load domain, and a swirl 
generation means for generating swirl inside the combustion chamber in the 
low-speed domain during at least the high-load domain. 

[Detailed Description of Invention] 

[0001] 

[Field of Application] 

The present invention relates to an engine comprising a means for changing the 
closing time of the intake valve and a supercharger. 



[0002] 



[Prior Art] 



Heretofore, an engine has been publicly known which is provided with a 
supercharger wherein intake air is supercharged by a mechanical or exhaust turbo 
type supercharge to increase the filling amount of intake air and to raise engine 
torque. 

[0003] 

Moreover, heretofore a method has been known in which compression work is 
reduced by substantially shifting the closing time of the intake valve from bottom 
dead center to achieve an effective compression ratio smaller than the expansion 
ratio (in the so-called Miller-cycle method), but in recent years, such a method is 
incorporated in an engine provided with a supercharger and an inter cooler aiming 
to increase torque while controlling knocking. The engine disclosed in Japan Laid 
Open Patent Publication S63-239312, supercharger and inter cooler are provided in 
an intake passage, and at the same time, the geometric compression ratio of the 
engine is made to be a high compression ratio higher than 8.5 and the closing time 
of the intake valve is made to be substantially slower than bottom dead center. In 
such an engine, the compression top dead center temperature is decreased and 
knocking is controlled by making the effective compression ratio to be small while 
maintaining the expansion ratio. Moreover, the filling amount is increased 
through supercharging in this state, enabling effectively increasing torque. 

[0004] 

[Problems Overcome by the Invention] 

In the engine described above, the effective compression ratio is made small to 
lower the compression top dead center temperature by substantially slowing the 
intake valve closing time to a level in which intake air is blown back. However, 
such function may be obtained through rapid closing wherein the intake valve 
closing time is made to be relatively faster than the bottom dead center. In other 
words, in the case of the slow closing time described above, the time in which 
intake air blow back occurs after bottom dead center is the period of a decreasing 
effective compression ratio, but in the case of rapid closing time, the period from 



closure of the intake valve to the bottom dead center is the time for decreasing the 
effective compression ratio, achieving a lower compression top dead center 
temperature. 

[0005] 

Moreover, in the case of the slow closing time described above, narrow loss occurs 
during blow back, causing a slight temperature rise. Furthermore, if the intake 
system is structured so that swirl is generated through partial shielding of the 
intake port during the low-speed time, the above narrowing loss increases rapidly. 
Efforts to avoid this increase result in problems such as difficulty in swirl 
generation. On the other hand, in the case of rapid closing time, no blow back 
described above occurs, which contributes to the reduction of narrowing loss and 
swirl generation. 

[0006] 

However, if the intake valve closing time is maintained at a predetermined rapid 
closing time, the effective intake final period becomes even earlier as the engine 
rpm rises, as explained later, causing problems such as the lowering of the filling 
amount and an excessive rise of supercharge pressure. 

[0007] 

There are some engines in which the closing time of the intake port is made earlier 
by enabling change of intake valve closing time through a rotary valve provided 
upstream of the intake valve during low-load period as described in Japan Laid 
Open Patent Publication S62 63129, for example, but this is strictly for pumping 
loss reduction during the low-load time and is not used as a knocking 
countermeasure during the high-load time. 

[0008] 

Considering the described background, it is an objective of the present invention to 
provide an engine provided with a supercharger that effectively displays knocking 
control and other functions through rapid closure of the intake valve, and at the 



same time to prevent a decrease in the filling amount and an increase in the 
supercharge pressure on the high speed side driving domain in an engine provided 
with supercharger. 

[0009] 

[Problem Resolution Means] 

In order to overcome above problems, the first invention is an engine provided with 
a supercharger, of a type of an engine comprising poppet type intake valve, a 
closing time variation means enabling closing time of the intake valve and 
supercharger for supercharging intake air, wherein the closing time variation 
means is set so that it may change the closing time of the intake valve between a 
pre-determined rapid closing time before bottom dead center and a slower time 
than the pre-determined time, comprising a control means for controlling the 
closing time variation means, wherein the control means controls the closing time 
variation means in such a manner that it sets the intake valve closing time to be 
the rapid closing time on the low-speed side driving domain and sets the intake 
valve closing time to be slower than the low-speed side closing time on the 
high-speed driving domain at least during the high-load domain. 

[0010] 

The second invention is an engine provided with the supercharger of the first 
invention wherein the geometric compression rate of the engine is no less than 8.5. 

[0011] 

The third invention is an engine provided with the supercharger of the first or the 
second invention further comprising a swirl generation means for generating swirl 
inside the combustion chamber in the low-speed domain during at least the 
high-load domain. 



[0012] 



The fourth invention is the engine provided with the supercharger of invention 3 
wherein the swirl generation means comprises a first intake port and a second 
intake port for swirl generation, and an intake flow control means for shielding the 
intake flow of the second intake port in the low-speed domain at least during the 
high-load domain. 

[0013] 

The fifth engine is an engine provided with a supercharger, of a type of an engine 
comprising, a closing time variation means enabling closing time of the intake 
valve and supercharger for supercharging intake air, wherein the closing time 
variation means is set in such a manner that it may change the closing time of 
intake valve between a pre-determined rapid closing time before bottom dead 
center and a slower time than the pre-determined time, comprising a control means 
for controlling the closing time variation means, wherein the control means controls 
the closing time variation means in such a manner that it sets the intake valve 
closing time to be the rapid closing time on the low-speed side driving domain and 
sets the intake valve closing time slower than the low-speed side closing time in 
high-speed driving domain at least during the high-load domain, and a swirl 
generation means for generating swirl inside combustion chamber in the low-speed 
domain during at least the high-load domain. 

[0014] 

[Operation] 

In the engine of the first invention, the effective compression ratio is lowered 
through^rapid closing of the intake valve, enabling the function of controlling 
knocking during at least the high-load, low-speed domain. In this case, narrowing 
loss during blow back of intake air is reduced compared to the slow closing of the 
intake valve. Moreover, contrary to the rapid closing time where the tendency to 
decrease filling amount and sharply increase supercharge pressure due to 
expansion of ineffective angle with a rise in rpm occurs, this tendency is corrected 
in the high-speed side driving domain because of the further delay in the closing 
time of the intake valve. 



[0015] 



In the second invention, the heat efficiency ratio is improved because the geometric 
compression ratio is made to be the high pressure compression ratio, and 
aforementioned function is achieved while the expansion ratio is sustained. 

[0016] 

In the third and the fourth inventions, knocking control function is improved 
through swirl. 

[0017] 

In the fifth invention, knocking control function is improved thanks to rapid closure 
of the intake valve and generation of swirl during at the least high-load, low-speed 
domain, and the filling amount is maintained due to the expansion of the suction 
period on the high-speed side. 

[0018] 

[Embodiment] 

An embodiment of the present invention is described hereafter with reference to 
the drawings. Fig. 1 is an engine provided with a supercharger in an embodiment 
of the present invention. The main body of the engine with a plurality of cylinders 
2 is denoted by 1. The geometric compression ratio of the engine 1 is a high 
pressure compression ratio of no less than 8.5. Moreover, intake air passage 3, 
comprising common intake air passage 4 in upstream side and intake manifold 5 in 
downstream side, supplies intake air to the main body of the engine 1. 

[0019] 

In the common intake air passage 4 are provided an air cleaner 6, an air flow meter 
7 for detecting amount of intake, and a throttle valve 8 that operates corresponding 
to amount of push of the unrepresented axel pedal. Moreover, supercharger 10 is 
installed downstream of the throttle valve 8. The supercharger 10 in the figure is 



a mechanical supercharger driven by engine output shaft through belt and other 
transmission mechanism 11. Furthermore, an inter cooler 12 is installed 
downstream of supercharger 10. In addition, bypass passage 13 which bypasses 
supercharger 10 and bypass control valve 14 that opens the passage 13 during 
low-load time are provided. 

[0020] 

The intake manifold 5 has an independent intake passage 16 for each cylinder, and 
the intake port in downstream edge of each independent intake passage 16 opens to 
the combustion chamber of each cylinder 2. In the present embodiment, each 
independent intake passage 16 is divided into a first passage 16a and a second 
passage 16b by means of a dividing wall with both the first and the second intake 
ports 17, 18 downstream of these passages open to the combustion chambers. 
Injector 19 for fuel injection supply is installed in each independent intake passage 
16 in the vicinity of intake port. 

[0021] 

The first intake port opens in the direction offset from the center of the bore to 
enable the generation of swirl inside the combustion chamber, and is formed 
virtually straight without bending in order to reduce intake flow resistance. 
Moreover, the second intake port 18 is arranged parallel to the first intake port 17 
and opens to the combustion chamber. Furthermore, control valve 20 is provided 
as an intake flow control means in the second passage 16b, and is driven by an 
actuator 21 to open and close the second intake passage 16b, enabling a change 
between the intake shielding state and the intake supply state for the second 
intake port 18. Hence, when the control valve 20 is closed, intake is supplied to 
the combustion chamber only from the first intake port, which generates swirl in 
the combustion chamber, and if the control valve 20 is open, intake is supplied to 
the combustion chamber by both intake ports 17, 18, which either eliminates or 
weakens the swirl. 



[0022] 



Poppet type intake valves 22, 23 are installed in both the intake ports 17, 18. 
Intake valves 22, 23 are driven by a valve driving apparatus in which a closing 
time variation means enabling change of intake valve closing time is installed. In 
the present embodiment, the closing time variation means is made of a valve 
timing variable mechanism 25 that changes the opening and closing phase of the 
intake valve. A plurality of concrete structures of valve timing variable 
mechanism 25 is known and the present invention does not limit the structure. 
However, in an example of the present invention, phase alteration member 28 is 
provided between cam shaft 26 in which an intake valve driving cam is arranged 
and cam pulley 27 interlocked with the engine output shaft, with phase alteration 
member 28 connecting cam shaft 26 and cam pulley 27 by means of helical gears 
and the like. The phase of cam shaft 26 relative to cam pulley 27 is made to vary 
by driving member 28 in response to the control signals. 

[0023] 

A control unit (ECU), which constitutes a control means, comprising a micro 
computer and others is denoted by 30. To control unit 30, signals from throttle 
opening level sensor 31 that detect degree of opening of throttle valve 8, signals 
from rpm sensor 32 that detect engine rpm and other signals are input. Moreover, 
control unit 30 outputs control signals to phase alteration member 28 of valve 
timing variable mechanism 25 as well as actuator 21 of the control valve 20 in 
order to control the intake valve closing time and intake air flow condition based on 
the control map (Fig. 3), described later, in response to driving conditions detected 
by the throttle opening level sensor 31, rpm sensor 32 and others. 

[0024] 

Here, 35 denotes an exhaust manifold that comprises an independent exhaust 
passage 36 for each cylinder. The exhaust port 37 at the upstream edge opens to 
the combustion chamber and is made to open or close by the exhaust valve 
(unrepresented). 



[0025] 



Fig. 22 describes valve timing of intake valves 22, 23 which is changed by the valve 
timing variable mechanism 25. The variable range for the valve timing variable 
mechanism 25 is pre-determined in such a manner that valve timing of the intake 
valve may change between the first timing IVT1 represented by the real line in the 
figure and the second timing IVT2 represented by the broken line. When the first 
timing IVT1 is selected, the timing of the intake valve closure is a pre-determined 
time IC1 which is earlier than vicinity of the bottom dead center (BDC) and a rapid 
closure state with substantially smaller effective compression ratio than expansion 
ratio is achieved. More specifically, the closure timing ICl is set within the range 
of BBDC 95° to nearly BDC, as described later. Moreover, if the second timing 
IVT2 is selected, the timing of the intake valve closure becomes IC2 which is slower 
than the closure timing ICl for the first timing IVT1. The timing of the intake 
valve closure IC2 for the second timing IVT2 may be before or after bottom dead 
center as long as it is earlier than the closure timing ICl for first timing IVT1. 

[0026] 

Fig. 3 represents a control map for the valve timing control and the intake air flow 
state control by control unit 30. Figure 3 describes that the rapid closure state 
(said first timing IVTl) is selected in the low-speed driving domain and that the 
state (said second timing IVT2) in which closure timing is slower than the rapid 
closure timing is selected in the high-speed driving domain- with fixed rpm Na for 
the valve timing alteration dividing the two domains. Meanwhile, the intake air 
flow state control causes closure of control valve 20 in the low* speed driving domain 
and opening of control valve 20 in the high-speed driving domain with fixed rpm Nb 
for the intake air flow state alteration dividing the two domains. 

[0027] 

Here, the overlapping state may be adjusted by enabling changing the valve timing 
of the exhaust valve, in addition to controlling the timing of the intake valve 
described above, to change the valve timing of the exhaust valve based on the 
change of the valve timing of the intake valve. 



[0028] 



Moreover, the closure timing variation means that enables changing the intake 
valve closure timing may be made of a cam selection mechanism 40 shown in Fig. 4. 
This cam select mechanism 40 enables changing the timing of the opening, closing 
and opening period of the intake vale through use of cams 41, 42 with two different 
types of cam profiles to change the intake valve lift properties. 

[0029] 

In other words, in cam shaft 43 for intake, a low-speed type cam that gives first 
timing IVT1, to be explained later, and high-speed type cam 42 that gives second 
timing IVT12, to be explained later, are arranged. Moreover, a switching 
mechanism for switching the intake valve driving state between a driving state 
enabled by low-speed type cam 41 and a driving state enabled by high-speed type 
cam 42 is made of locker arms 44, 45 corresponding respectively to cam 41 and cam 
42 and connection members (unrepresented) and the like that execute connection 
and separation of these. In the hydraulic circuit that supplies operation oil 
pressure to the switching mechanism electromagnetic valve 46 is installed, and the 
switching mechanism is made to operate by switching the electromagnetic valve 46 
by control signals from control unit 30. 

[0030] 

If the cam select mechanism 40 is adopted, the timing of closing and opening of the 
intake valve may be arbitrarily enlarged by selecting the cam shape of 
aforementioned cams 41, 42. The example described in Fig. 5 sets first timing 
IVT11 enabled by low -speed cam 41 to be a rapid closure state in which the intake 
valve closing time is the pre -determined period IC11 earlier than the vicinity of the 
bottom dead center (BDC). Meanwhile, in second timing IVT12 enabled by 
high-speed cam 42, closure timing IC12 is made to be substantially slower to make 
the effective compression ratio smaller than expansion ratio through slow closure, 
which is the reverse situation of the first timing IVT 11. 

[0031] 

In the case of an engine provided with a supercharger having the structure 
described above, the geometric compression ratio becomes the high compression 



ratio of 8.5 or higher enabling improved heat efficiency as well as maintenance of 
the expansion ratio. In addition, in the low-speed driving domain lower than a 
fixed rpm Na, the effective compression ratio is made smaller due to 
pre-determined rapid closure of the intake valve, resulting in a lower compression 
top dead center temperature. 

[0032] 

In other words, the compression top dead center temperature becomes the highest 
when the timing of closure of the intake valve occurs slightly after the bottom dead 
center BDC (timing of closure of general engine), as described in Fig. 6. Moreover, 
if the timing of closure of the intake valve shifts from the timing, regardless of 
whether shift is towards rapid closure side or slow closure side, the effective 
compression ratio becomes smaller than the expansion ratio, the compression top 
dead center temperature drops, which is effective for knocking control. However, 
as explained before, the rapid closure is more advantageous than the slow closure 
in the sense that narrowing loss is reduced in the case of the rapid closure, where 
as narrowing loss occurs due to generation of intake air blow back after the bottom 
dead center in the case of the slow closure. The amount of temperature drop of the 
compression top dead center due to rapid intake valve closure should not be below 
the start-up limit temperature. The actual figure depends on the type of engine, 
but, in the case of the example in Fig. 6, start-up limit temperature is reached with 
a BBDC (before bottom dead center) of about 95°, hence, the timing of the intake 
valve closure is preferably set close to 95°. 

[0033] 

In the present embodiment, setting the rapid closure above in the lower driving 
domain than the fixed rpm Na, in particular, in the high-load, low-speed domain 
where knocking is easy to occur, a function of lowering the compression top dead 
center is obtained, which raises the knocking limit. Moreover, even in the rapid 
closure state, the filling amount expands due to the supercharging function of the 
supercharger, enabling an increase in torque. 



[0034] 



Furthermore, in the present embodiment, aforementioned control valve 20 is closed 
in the domain below fixed rpm Nb, generating swirl. A function of knocking 
control may be obtained from the swirl. Moreover, the rapid closure of the intake 
valve described above reduces narrowing loss more than the slow closure, in 
addition, near straight shape of first intake port 17 reduces the flow resistance, 
which functions to lower the compression top dead center temperature and 
maintenance of a filling amount even in the state where intake air is supplied only 
from first intake port 17. 

[0035] 

If the rapid closure state selected by the first timing IVT1 or IVT11 is unchanged, 
the filling amount of the engine drops with rise of engine rpm, and supercharge 
pressure increases with the rpm, which is descried by line A- A* in Fig. 6, resulting 
in excessively large pressure in the high-speed domain. This is caused by the fact 
that the valve opening angle of the intake valve contains an ineffective angle a 
(represented in Fig. 2) which in reality does not contribute to intake due to reasons 
such as small lift amount. The ineffective angle a expands with engine rotation, 
and hence the effective intake end time becomes faster with the engine rpm, 
provided the intake valve closure time remains constant, causing a shorter effective 
valve opening time. For this reason, in aforementioned rapid closure state, filling 
amount decreases due to shorter effective intake period with rise in engine rpm, 
which causes a rise in supercharge pressure by the amount equivalent to a drop in 
the intake amount by the engine relative to the air outflow of the supercharger. 

[0036] 

Meanwhile in the present embodiment, when the engine rotation exceeds a fixed 
rpm Na, the intake valve is changed to the second timing IVT2 or IVT12, which 
causes slower intake valve closure timing. This causes a higher filling amount 
and the rise in the supercharge pressure is controlled. In this case, even if the 
timing of the intake valve closure is in the vicinity or before the bottom dead center, 
the intake time is increased and the filling amount is expanded as long as the 
timing is slower than that in the lowerspeed state, which causes drop in 
supercharge pressure by constant amount (line B in Fig. 7) at the fixed rpm Na. 



Moreover, in the state where second closure timing is set substantially slower to 
cause intake blow-back, as described in Fig. 5, the effective intake end time 
becomes faster with the engine rpm, which reduces the blow-back while increasing 
the filling amount. Thus rise in supercharge pressure is controlled (line C in Fig. 
7). 

[0037] 

Moreover, in the high-speed side, control valve 20 is opened, which increases intake 
air flow area and intake air flow amount is secured in the high-speed domain. 

[0038] 

Here, in the present embodiment, poppet valve type intake valves 22, 23 are made 
to be able to change the closure timing, but the closure timing variable mans may 
be structured in such a manner that timing valves such as rotary valve may be 
installed upstream of the intake port in addition to the intake valve by which 
closure timing of the intake port is adjusted, enabling change of the intake port 
closure time between a pre -determined rapid closure and timing slower than that. 
In this case as well, the intake port is controlled to assume rapid closure in the 
low-speed side driving domain, and slower closure timing in the high-speed side. 
Moreover, by installing a swirl generation means that generates swirl in the 
combustion chamber during slow-speed range of at least the high-load domain, 
control of compression top dead center temperature, swirl generation and others 
through rapid closure are executed smoothly in the low-speed range. 

[0039] 
[Efficacy] 

The engine with a supercharger in the invention stated in Claim 1 enables change 
of closure timing of a poppet type intake valve between pre determined rapid 
closure timing before the bottom dead center and the timing slower than this, in 
addition, the timing of closure of the intake valve is set to be the rapid closure 
timing in low-speed side driving during at least the high-load domain, hence 
knocking is controlled by lowering the effective compression ratio. Moreover, 



merits such as suffering no narrowing loss during blow back are achieved unlike 
the case wherein the intake valve is set to be slow closure. Furthermore, the 
timing of closure of the intake valve is set to be slow closure during high-speed 
driving domain, enabling prevention of decreasing filling amount caused by 
expansion of ineffective angle with rise n rpm and excessive rise of supercharge 
pressure, which is a problem occurs when the intake valve is set rapid closure. 

[0040] 

If the geometric compression ratio is 8.5 or higher in the present invention (Claim 
2), heat efficiency of the engine is improves and effective compression ratio is 
appropriately lowered through rapid closure of the intake valve while expansion 
ratio is sustained, and the excellent effect described above is magnified. 

[0041] 

Moreover, a swirl generation means for generating swirl inside the combustion 
chamber at low-speed domain during at least high-load range (Claim 3) is provided. 
In fact, if the swirl generation means comprises first intake port, second intake port 
and a intake air flow control means for shielding intake air flow of the secondary 
intake port at the low-speed domain during at least high-load range, knocking is 
controlled by swirl as well as rapid closure of the intake valve at high-load, low 
speed domain, resulting in improvement of the effect. 

[0042] 

Moreover, the engine provided with a supercharger of the invention described in 
Claim 5 enables change of timing of closure of the intake port between 
pre-determined rapid closure before the bottom dead center and the timing slower 
than that. Hence, the closure timing is set to be the pre-determined rapid closure 
timing at low-speed driving domain and the timing of closure of the intake valve is 
controlled to be slower than the rapid closure timing in the high-speed driving 
domain during at least high-load range, hence, the function of knocking control 
through rapid closure of the intake valve and swirl is improved during at least 
high- load, low speed driving domain, which results in effective increasing torque 



and securing of filling amount through expansion of intake period during 
high-speed domain. 



[Brief Description of Drawing] 



Fig. 1 is a schematic diagram describing entire structure of engine provided with 
turbo supercharger in an embodiment of the present invention 
Fig. 2 is an illustration describing a valve timing of a intake valve 

Fig. 3 is a drawing representing a control map for valve timing control and intake 
air flow state control 

Fig. 4 is a drawing representing enlarged main section of closure timing variation 
means in another embodiment 

Fig. 5 is an illustration describing an example of a valve timing of an intake valve 
to be changed by the means of Fig. 4 

Fig. 6 is a drawing representing relationship between timing of closure of the 
intake valve and the compression top dead center temperature 

Fig. 7 is a drawing representing relationship between rpm of an engine and 
supercharge pressure. 



[Explanation of Symbols] 



1. Main body of an engine 
10. Supercharger 
17. First intake port 



18. Second intake port 
20. Control valve 
22, 23 Intake valve 

25. Valve timing variation means (Closure timing variation means) 
30. Control cam unit (control means) 
40. Cam selection mechanism 
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